The objective of this study was to characterize the patient population with respect to patient selection, assess surgical morbidity and graft failures, and analyze the contribution of peri-From the
operative clinical factors to recipient outcome in adult living donor liver transplantation (ALDLT). Summary Background Data: Previous reports have been centerspecific or from large databases lacking detailed variables. The Adult-to-Adult Living Donor Liver Transplantation Cohort Study (A2ALL) represents the first detailed North American multicenter report of recipient risk and outcome aiming to characterize variables predictive of graft failure. Methods: Three hundred eighty-five ALDLT recipients transplanted at 9 centers were studied with analysis of over 35 donor, recipient, intraoperative, and postoperative variables. Cox regression models were used to examine the relationship of variables to the risk of graft failure. Results: Ninety-day and 1-year graft survival were 87% and 81%, respectively. Fifty-one (13.2%) grafts failed in the first 90 days. The most common causes of graft failure were vascular thrombosis, primary nonfunction, and sepsis. Biliary complications were common (30% early, 11% late). Older recipient age and length of cold ischemia were significant predictors of graft failure. Center experience greater than 20 ALDLT was associated with a significantly lower risk of graft failure. Recipient Model for End-stage Liver Disease score and graft size were not significant predictors. Conclusions: This multicenter A2ALL experience provides evidence that ALDLT is a viable option for liver replacement. Older recipient age and prolonged cold ischemia time increase the risk of graft failure. Outcomes improve with increasing center experience. L iver transplantation has become the accepted standard of care for many patients with end-stage liver disease. In the United States, over 5000 patients receive a liver transplant each year. 1 With limitations in the supply of deceased donor livers, the waitlist grew rapidly through the 1990s, and although the size of the waiting list has stabilized around 17,000 for the past couple of years, the availability of donors still limits the number of patients who can receive this potentially lifesaving intervention. Efforts to expand the donor pool have resulted in increased use of expanded-criteria donors [2] [3] [4] and recent application of living donation to the adult population. [5] [6] [7] [8] [9] First reported in the United States in 1998, 10 the use of adult-to-adult living donor transplants (ALDLT) has now been reported in over 1600 patients and has been performed in 94 centers across the United States.
The transplant procedure remains a technically complex operation, and the application of living donation to the adult recipient population has added another layer of difficulty to an already challenging procedure. Unlike living donor transplantation in the pediatric population or in kidney transplantation, 11, 12 there has yet to emerge a clear advantage of ALDLT over transplantation of the liver from deceased donors, beyond the obvious expansion of the donor pool. The extension of living donation to adult recipients requires a major hepatic resection in a healthy person to obtain an adequate graft, engendering controversy regarding both donor risk and increased complexity of the recipient operation. [13] [14] [15] [16] Most analyses to date have been confined to singlecenter reports focusing on surgical technique, complications, and selection. Brown et al 17 collected the US experience, but this analysis depended on voluntary reporting of programmatic and outcome data. Recent reports utilizing national data from the United Network for Organ Sharing and from the Scientific Registry of Transplant Recipients (SRTR) demonstrate worse outcome of right lobe grafts compared with whole grafts from deceased donors, 18, 19 but detailed data regarding many donor and recipient variables that may contribute to this outcome are not available from such databases.
Limited cases are performed at any one center and approaches to the recipient and donor are too diverse across centers to provide reliable information on outcomes that can be generalized. Therefore, the National Institutes of Health, with supplemental funding from the American Society of Transplant Surgeons and the Health Resources and Services Administration, US Department of Health and Human Services, organized a consortium of 9 leading liver transplantation centers and a data coordinating center to accrue and follow sufficient numbers of patients being considered for and undergoing right lobe ALDLT to provide results from adequately powered studies. This group, the Adult-to-Adult Living Donor Liver Transplantation Cohort Study (A2ALL), 20 is conducting both retrospective and prospective studies, with a primary goal of providing information on donor and recipient outcomes of ALDLT over a decade from 1998 to 2008. Although the main outcomes of the A2ALL prospective study will not be available for at least 5 years, insights can be gained from the retrospective cohort study of over 700 donors and recipients treated between 1998 and 2003. This report analyzes detailed recipient outcomes of a large US multicenter experience of 385 right lobe ALDLT grafts. Specific aims included the characterization of the study population with respect to patient selection, the assessment of surgical morbidity and graft failures, and an analysis of the contribution of perioperative clinical factors to surgical outcomes. While this report focuses on first-year outcomes and complications in the recipient, analyses of outcomes and complications among ALDLT donors will be the focus of future reports from the A2ALL Study Group.
METHODS

A2ALL Retrospective Cohort Study Protocol
Data for this study came from the A2ALL Retrospective Cohort Study and were supplemented by data from the 9 A2ALL transplant centers made available through a data use agreement with the SRTR.
The primary objective of the A2ALL Retrospective Cohort Study is to determine the survival benefit of ALDLT. Starting at the time a potential ALDLT recipient identified a potential donor (defined as the date of initial potential donor history and physical examination), survival of those who eventually received an ALDLT will be compared with those who continued on the waiting list for a deceased donor liver transplant. Comparisons of ALDLT recipients to recipients of deceased donor liver transplants will be reported in future A2ALL publications. For the purposes of the current study, data collected for the overall study objective were used to focus on details of the early outcomes of recipients of right lobe grafts from living donors.
Data Collection and Conventions
The A2ALL Retrospective Cohort Study data include 821 patients who had a potential living donor evaluated from January 1, 1998 , until February 28, 2003 . Of these 821 potential recipients, 385 received an ALDLT at one of the 9 centers between April 1998 and August 2003. Domino liver transplant recipients (n ϭ 2), patients whose transplant procedure was aborted (n ϭ 3), and recipients with no donor match in the study (n ϭ 2) were excluded from the analysis. Extensive chart reviews were conducted and a secure webbased electronic data entry system was used.
The Model for End-stage Liver Disease score (MELD) was calculated as previously described 21, 22 and was capped at 40. Standard liver volume (SLV) was calculated as 1072.8 ϫ body surface area Ϫ 345.7. 23 Right lobe weight (postresection) in the operating room was used for graft volume, where available. If this was not available, right lobe weight estimated by preoperative volume imaging was used. If neither was available, 0.6 ϫ SLV was used, based on excellent correlation between graft size and the formula estimate among cases where both had been measured. Cold ischemia time was defined as time from donor cross-clamp to graft removal from ice. The number of ALDLTs previously performed at a center was defined as the case number for each ALDLT transplant.
Human Subjects Protection
The study was approved by the institutional review boards and privacy boards of the University of Michigan Data Coordinating Center and each of the 9 participating transplant centers.
Statistical Analysis
The cohort was characterized using descriptive statistics. Potential predictors of time to graft failure (retransplant or death) were tested using Cox regression. Over 35 donor, recipient, transplant center, anatomic, and intraoperative variables were evaluated. All analyses were performed using SAS version 9.1.
RESULTS
Characteristics of the A2ALL Transplant Centers
The 9 A2ALL transplant centers are diverse in their size, ratio of living donors to deceased donors, and geography. Four A2ALL centers began performing ALDLT in 1998, and 4 more began in 1999. The number of ALDLT performed per year by A2ALL centers and included in the retrospective study is depicted in Figure 1 .
Characteristics of the Recipients
Pretransplant characteristics of the 385 ALDLT recipients, including demographics, diagnosis, and disease severity as measured by calculated MELD score at time of transplantation, are listed in Table 1 . The mean age of the recipients was 49 Ϯ 11 years, and the majority were male, non-Hispanic, and white. The most common diagnosis was hepatitis C cirrhosis (46%), followed by cholestatic liver disease (18%) and alcoholic cirrhosis (13%). Hepatocellular carcinoma (HCC) was recorded as a primary or secondary diagnosis in 16% of recipients. Only 4% of recipients were in fulminant failure due to acute hepatic necrosis. In general, the medical status of the ALDLT recipient group was relatively well compensated. The mean MELD score at the time of transplant was 15.6 Ϯ 6.9 (range, 6 -40), with only 4% having a MELD greater than 30. Only 41 were hospitalized (11% of all recipients) or in the intensive care unit (ICU) (4%). Comorbid conditions included the presence of ascites (57%), requirement for pretransplant dialysis (2%), and pretransplant ventilator dependence (2%).
Characteristics of Donors
Living donors were generally younger than recipients with a mean of 37 Ϯ 10 years (range, 18 -57) ( Table 2 ). The majority of donors were male, non-Hispanic and white. Calculated mean SLV was 1708 Ϯ 231 mL, similar to the recipient SLV (1687 Ϯ 257 mL). Most donors were biolog-ically related to their recipient (usually adult children or siblings). However, 32% were biologically unrelated, and spouses comprised 13% of all donors.
Characteristics of Donor Grafts and Perioperative Variables
The size and anatomic variants of the graft and intraoperative details that may contribute to early outcomes following ALDLT are listed in Table 3 . The mean graft weight (or volume) was 966 g (or mL), with a range of 470 to 1729. Mean graft weight to recipient weight ratio (GWRWR) was 1.29. The majority of grafts (94%) were greater than the previously published recommended minimum GWRWR of 0.8%, and 92% exceeded the recommended minimum graft volume : recipient SLV ratio of 0.4. 24 Multiple bile ducts were noted in 43%. Thirty-six percent had multiple hepatic veins, 11% had multiple portal veins to the right lobe, and 5% had multiple hepatic arteries.
The donor operations averaged 7.6 Ϯ 2.2 hours in duration. Thirty-two percent of donors received autologous blood transfusions. No donor received more than 4 units of nonautologous packed red blood cells (PRBC), with most requiring no PRBC (most centers routinely use a cell-saver device for the donor operation, and these units were not counted). The mean duration of the recipient operations was 8.5 Ϯ 2.1 hours. About one-half of the ALDLT recipients received 0 -4 units of PRBC, and 14% required more than 12 units of blood. The median cold ischemia time, from donor cross-clamp to graft removal from ice, was 51 minutes, with a range of 5 to 600 minutes. Cold ischemia decreased with increasing experience at A2ALL centers. In the first 10 cases, 25% of grafts had cold ischemic time greater than 120 minutes. This decreased to 17% in cases 11-20, 13% in cases 21-30, 7% in cases 31-40, 3% in cases 41-50, and none in later cases. Recipients of living donor grafts stayed in the ICU a median of 3 days (range, 0 -224) with a median total length of stay of 13 days (range, 3-225).
Graft and Recipient Outcomes
Graft and recipient outcomes following ALDLT are outlined in Table 4 . Outcomes were categorized as early (first 90 days), or late (91 to 365 days). There were 42 deaths in the first year after transplant. Kaplan-Meier estimates of patient survival were 94% and 89% at 90 days and 1 year, respectively. The largest number of deaths was due to infection and sepsis (43%), followed by multiorgan failure, graft failure, and cardiopulmonary causes. Survival with the original functioning ALDLT graft was 87% and 81% at 90 days and 1 year, respectively. There were 72 graft failures in the first year, 71% occurring in the first 90 days. The major causes of graft failure were hepatic artery or portal vein thromboses (n ϭ 19) and primary nonfunction (n ϭ 12), and 21 patients died with a functioning graft. Of note, in the first year, only 3 grafts were lost to recurrent hepatitis. One graft loss was primarily attributed to acute rejection, and this was felt to be a secondary cause of graft loss in 3 others. Thirty-seven patients were retransplanted, of whom 86% were retransplanted in the first 90 days. Of the retransplanted patients, 7 died.
Complications
The majority of complications were documented in the first 90 days following transplantation ( Table 5 ). The largest numbers of early complications were infectious, with 32% first experiencing an infection in the initial 3 months after ALDLT. Most early infections were bacterial, but there was a 9% incidence of fungal infections. Pulmonary complications were relatively common, such as pleural effusions (18%) and pulmonary edema (10%). Technical complications were also common in the early postoperative period. Early bile leaks were seen in 30% of recipients and biliary strictures in 8%. Hepatic artery thrombosis occurred in 6% of recipients, and portal vein thrombosis in 2%. Seven percent experienced an intra-abdominal bleed, and 24% of patients required reexploration soon after transplant. The influence of center experience on the occurrence of technical complications (bile leak, hepatic artery thrombosis, and portal vein thrombosis) was analyzed. The incidence of bile leak in the first 90 days decreased from 38% in cases 1-20 to 24% in cases 21 and later (P ϭ 0.004). There was also a decrease in hepatic artery thrombosis (8% to 4%) and portal vein thrombosis (3% to 1%), but these differences were not statistically significant.
There were fewer complications after the initial 90 days, the most common being biliary strictures (10%), infections (8%), and hernias (5%).
Factors Influencing Allograft Survival
Of the 35 variables that were tested, 3 were associated with a significant independent risk of graft failure (retransplantation or death): recipient age, cold ischemia time, and center experience ( Table 6 ). Each 10-year increase in recip-ient age was associated with a 41% higher risk (P ϭ 0.0008) of graft failure. Longer cold ischemia time was associated with 19% increased risk of graft failure per hour (P ϭ 0.002). Early center experience (case number 20 or less) was associated with an 83% higher risk of graft failure (P ϭ 0.0045). In addition, transplants from biologically related donors had better outcomes (hazard ratio, 0.67; P ϭ 0.069). Increasing donor age was associated with a 13% elevated risk of graft loss per 10 years but was not statistically significant.
Recipient medical status at time of transplant did not appear to affect outcome, although the numbers of patients hospitalized (11%), in the ICU (4%), on dialysis (2%), or with MELD scores greater than 30 (4%) were small, and these factors were not significant in the Cox model.
Neither graft size nor GWRWR was significantly associated with graft failure risk. However, only 22 grafts (6%) were less than 0.8% GWRWR, and only 29 (8%) were less than 40% of the SLV of the recipient. When adjusted for recipient age, there was a suggestion of such an association between higher GWRWR and lower risk of graft failure, but the relationship had a wide confidence interval (CI) and was clearly not statistically significant (hazard ratio, 0.86; 95% CI, 0.49 to 1.52; P ϭ 0.5979). In separate analyses, combinations of small graft weight or low GWRWR with other variables (such as MELD score, donor age, donor biologic relation, and case number) did not reveal any significant associations with outcome (data not shown). Similarly, no significant associations were found between recipient blood loss, anomalous donor arterial and venous anatomy, and multiplicity of bile ducts and the risk of graft failure.
To further investigate the shape of the experience-based learning curve in ALDLT, we examined the risk of graft failure by case number within each center by 5-case increments (Table 7) . Compared with case numbers above 30, very early cases (Յ10) were associated with 85%-89% higher risk (P Ͻ 0.06). Cases 11 to 15 were associated with particularly high risk (hazard ratio, 2.65; P ϭ 0.0017). Thereafter, the 
DISCUSSION
While results of transplantation of a right lobe from a living donor into an adult have been reported from large centers and consortiums from Europe and Asia, this is the first major report of a large multicenter nonregistry-based experience of ALDLT in North American patients. The importance of perioperative variables on ALDLT outcome has never been published in a large multicenter experience. The A2ALL Study Group has collected the retrospective data necessary to assess variables that contribute to early graft loss in ALDLT. This retrospective experience from 9 centers demonstrates acceptable outcomes of this approach to liver transplantation. The multivariable analysis of risk factors for graft failure revealed the importance of the learning curve, recipient age, and cold ischemia time as predictive of graft failure.
Living donor liver transplantation has emerged as a surgical technical achievement designed to increase the organ supply, with the increasing waiting list morbidity and mortality among transplant candidates as a justification for expansion to the adult population. This surgical strategy evolved rapidly, with the appearance of new challenges that have significant impact on liver transplantation, as well as hepatobiliary surgery. The principal surgical challenges include the procurement of an allograft with sufficient liver volume to meet the metabolic needs of the recipient, optimization of vascular inflow, venous outflow, and biliary drainage, plus an appreciation of anatomic variations that may necessitate complex biliary or vascular reconstruction. Initial reports have not demonstrated a clear advantage of ALDLT over deceased donor transplantation in the adult population, in contrast to the excellent outcomes reported in pediatric LDLT. 11, 12, 18, 19 This difference may be due to possible differences in the surgical procedure and the wider spectrum of donor and recipient candidates involved in ALDLT compared with pediatric recipients of living donors. ALDLT includes a more heterogeneous donor population, and adult recipients have a wide range of disease severity and higher incidence of medical comorbidities not seen in pediatric recipients. In addition, the use of a partial graft in an adult recipient predisposes the recipient to a unique set of potential technical and anatomic complications that are not prevalent in whole deceased donor grafts. Careful analysis of variables that affect early graft outcome in ALDLT is necessary to determine methods that may be manipulated to improve outcome.
No formal registry of ALDLT has been successfully implemented despite widespread calls for its creation. 25, 26 Although the outcome of this procedure is available through national data collected from all transplant centers, detailed information regarding perioperative variables is not included in these databases, so risk analysis is limited. Thus, accurate detailed data on the performance of ALDLT in the United States exists only as individual reports in the literature.
Analysis of graft and patient survival in this report parallels previous reports in Europe, Asia, and North America. The European experience of ALDLT summarized by Broelsch et al 27 reported on 11 centers in 8 countries that performed 105 pediatric and 123 adult living donations, 111 of which were right lobe allografts. Recipient and allograft survival were 86% and 83%, respectively. Two large single center reports from France and Germany reported 1-year graft survival ranging from 75% to 85%. 28, 29 In Asia, the lack of deceased donor organs has pushed the progress of ALDLT beyond that of Europe or North America. Todo et al 30 of Hokkaido University in Japan reported an 80% actual allograft survival in an initial series of 21 right lobe allografts. Regional multicenter summary data have been published that mirror individual center data, with 1-year graft survival ranging from 85% to 90%. [31] [32] [33] [34] In North America, Marcos 35 reported 80% recipient survival in the first 20 recipients that improved to 95% for the second group of 20 recipients, and Bak et al 36 of the University of Colorado reported 85% recipient survival in an initial series of 20 right lobe allografts. Miller et al 37 reported the largest North American series from Mount Sinai Medical Center in New York, and multiple detailed reviews from the United States have since been published with similar outcomes. 35,38 -40 There have been 2 reports from A2ALL centers detailing surgical outcomes in ALDLT. 41, 42 An analyses by Abt et al 19 of US data including all ALDLT from 1998 to 2001 (731 patients with complete data) revealed 1-year patient survival of 87.4%, with 12% undergoing retransplantation. Our A2ALL results in this series showed similar 1-year patient survival of 89%, with 9.6% undergoing retransplantation. The primary cause of graft failure in the first 90 days was vascular thrombosis, followed by primary nonfunction, whereas the main cause of graft failure in the later time period was death of the recipient with a functioning graft. The primary cause of recipient death in this A2ALL report was infection and sepsis, a fatal complication not clearly identified in other large series.
In this A2ALL series, perioperative complications were numerous, occurred in the first 3 months posttransplant for the most part, and were similar in scope to previous singlecenter reports. The most commonly identified complications were early infections and bile leaks. Late complications were infrequent by comparison and were dominated by biliary strictures. In a blinded survey sponsored by the American Society of Transplant Surgeons of 30 North American liver transplant centers that had performed a total of 208 ALDLT within the United States and Canada, an overall incidence of complications of 30% was reported. 43 The 3 most frequent complications reported were biliary (18%), vascular (6% allograft loss), and primary allograft nonfunction (4% allograft loss). A later survey by Brown et al 17 of US transplant programs reported data on 433 ALDLT. Recipient and allograft survival were not reported, but the reported incidences of biliary and vascular complications were 23% and 8%, respectively.
Identification and characterization of the "learning curve" effect for this difficult procedure is a principal finding in this study. Significant improvement in graft outcome was noted after 20 cases, as well as decreased incidence of bile leaks. Although all the A2ALL centers were very experienced in deceased donor liver transplantation, where procedure volume has been correlated with outcome, 44, 45 and many were experienced in split liver transplantation and pediatric living donor liver transplantation, there was still the finding of a relatively steep learning curve with this procedure. The number of cases required to gain expertise in a center is not well defined in the literature, and several centers have compared early and late results demonstrating significant improvement in outcome with increased expertise. 31, 36, 42, 46 A potential interpretation of the data from Table 7 , admittedly somewhat speculative, would be that the first 10 cases in each center were chosen fairly carefully, with outcomes only slightly worse than the reference group (Ͼ30 cases). Cases 11-15 may reflect broadening of indications or relaxation of selection criteria, resulting in significantly higher risk (hazard ratio, 2.65) for these recipients. From case 16 onward, the combination of yet more experience, perhaps combined with a return to a more conservative approach, may have led to better results. This may demonstrate better judgment in patient selection, more efficient perioperative management, and improved technical results learned from prior experience and past mistakes. The learning curve and subsequent improvement in outcomes is a continuous process, and further experience may be accompanied by even better outcomes than those shown by the later cases in this series.
Increasing recipient age was significantly associated with adverse outcome and should be an important clinical factor in the choice of appropriate recipients for this procedure. These results support findings from national data where LDLT recipients older than 57 years had an increased risk of graft failure due to patient death. 19 Numerous other reports have emphasized the importance of the age and medical condition of the recipient in deceased donor liver transplantation. [47] [48] [49] Transplantation of a partial graft in critically ill patients with chronic liver disease or fulminant hepatic failure has been correlated with poor outcome. 50 -52 Interestingly, our study did not demonstrate a significant effect of high MELD score or other markers of recipient status and medical comorbidities on patient and graft survival. This may reflect the small number of patients in each of these categories or a trend by A2ALL centers to use conservative judgment in the cases chosen for ALDLT.
Despite very short periods of cold ischemia compared with what is typical in deceased donor liver transplantation, the duration of cold ischemia had a significant association with graft outcome. The relative risk of graft failure in whole organ deceased donor transplants is not significantly increased unless the cold ischemia time is in excess of 8 hours. 53 However, the combination of a partial graft and cold ischemia may be interactive, and has been suggested by animal models. 54, 55 Longer cold ischemia times in some of our recipients may have been due to inability to conduct temporally overlapping donor and recipient surgical procedures or to unanticipated difficulties during the recipient operation. The former should be able to be overcome with appropriate logistical planning, coordinated operating rooms, and 2 operating teams. Improved operative efficiency was demonstrated in this series by a steady decrease in the incidence of grafts with cold ischemia times exceeding 120 minutes as center volume increased.
It was surprising that several other variables, particularly donor age and graft size, were not statistically significant in the multivariable model. One report of national data demonstrates increasing rates of graft failure as donor age increases. 19 We did show increased risk with every additional 10 donor years, and the lack of formal statistical significance may be due to the inclusion of few older donors.
While the ability of a small graft to support a large recipient has been a concern to most surgeons performing ALDLT, we did not demonstrate poor early graft function secondary to insufficient transplanted allograft volume. 24,56 -58 Our series did not see any correlation of graft size with outcome, but the A2ALL centers also avoided the extremes of size mismatch, with very few grafts below the recommended minimum volume. Whether smaller graft size contributes to the high incidence of infectious complications remains to be determined. In summary, the results of this study demonstrate that ALDLT is a procedure where center experience plays a significant role in outcome, as do recipient age and cold ischemia time of the right lobe graft. In addition, there was a trend toward increasing risk with older-aged donors. There continues to be a significant number of perioperative complications, particularly infectious, biliary, and vascular, and these are a challenge for centers performing these procedures. This large North American multicenter experience provides evidence that ALDLT is a viable option for liver replacement with outcomes that continue to improve with experience.
Discussions
DR. CHARLES M. MILLER (CLEVELAND, OHIO): Once again at this meeting, adult-to-adult living donor liver transplantations are being shown now, in a large multicenter U.S. trial, to be an extremely valuable and viable option for liver replacement therapy. Yet, as pointed out in the manuscript, the procedure remains controversial, and the volume of cases has not continued to grow for many reasons.
The controversies that surround this procedure center on donor safety, proper candidate selection both in terms of etiology and the severity of disease and co-morbidities, technical details of the donor surgery and recipient operation, inclusion or not of the middle hepatic vein, inflow modification, the avoidance of functional small-for-size syndrome, biliary reconstructions of complications, and now variations in the relative need for this procedure as we explore extended criteria donors and the UNOS allocation system evolves and improves. In this context, I would like to ask you four questions.
You found the primary cause for graft failure to be primary non-function and vascular thrombosis, but there was no mention of small-for-size syndrome or functional smallfor-size syndrome. Personally, I have actually never seen a case of primary non-function in living donors and I don't know that it exists. And I think what is being reported as primary non-function is actually a form of a functional small-for-size syndrome, too small volumetrically, but functional small-for-size syndrome, that causes severe early graft dysfunction and often vascular thrombosis and biliary ischemia. Can you comment on this?
In that vein, you state the majority of early complications were infectious. Were these infections seen in conjunction with early graft dysfunction or other technical complications, or seen de novo?
As you know, there is a vigorous debate especially around the use of adult living donors for hepatitis C and how the rate and severity may differ with regard to rapid recurrence. In the 179 patients that were transplanted with hepatitis C, what was the rate and severity of recurrence? Can you shed some light on this debate?
Finally, one of the most interesting and maybe important findings of the manuscript is the clear, concise definition of the learning curve. One of the questions I am frequently asked is: Who should be doing this procedure and who shouldn't be? I have actually never answered it clearly. If our goal is to use living donation to dramatically reduce the waiting list morbidity and mortality and make up the gap between supply and demand, and in taking into consideration the new developments in deceased donor allocation, who do you think should be doing adult live donors? How many new centers do we need? And what are your suggestions for shortening the learning curve and making it less dramatic? DR. KIM M. OLTHOFF (PHILADELPHIA, PENNSYLVANIA): Thank you, Dr. Miller. I think your question about the functional small-for-size graft is an important one, and we struggled to answer with the data that we had in this retrospective study. Any retrospective study is limited by the data available. We all thought that graft size would have played an important role. We looked at all the combinations possible, such as a small graft in a large recipient, or a smaller graft in a very sick recipient with a higher MELD score, or older age, or medical co-morbidities, and we were not able to find a statistical correlation with graft size. Saying that, there is difficulty in defining the small-for-size syndrome functionally Annals of Surgery • Volume 242, Number 3, September 2005 A2ALL Living Donor Liver Transplants in our retrospective study. I do believe that some of the causes of graft failures may fall into that category, such as the infectious complications, the primary nonfunctions, and the vascular thromboses. Unfortunately, with the retrospective data we didn't see a statistically significant association with graft size. I hope that with the prospective study where we are getting more detailed data that this might be answered.
With regard to the question about infectious complications, we were not able to see a correlation between the technical complications and the infectious complications, although there seemed to be a great deal of overlap in many of these recipients. Whether the infectious complications are a surrogate marker of a functional small-for-size syndrome is a question that remains to be answered. I think that is a possibility.
The question of recurrent hepatitis C has been a controversial one with numerous centers reporting single center results saying that recurrent hepatitis C may recur faster in living donor grafts, with others reporting that it is not. We actually only had three graft losses in the first year for recurrent hepatitis C, so it was not a significant problem within the first year. In the prospective study we will be obtaining protocol biopsies and viral loads to better answer this question.
The learning curve was an interesting finding that came out of the data, and I think it is an important question to ask, particularly since UNOS is now imposing regulations on living donor centers across the country, requiring a certain amount of experience. The number of cases that were chosen for the UNOS requirements were relatively arbitrary. I think this is important to show this data to see that there is a cut-off point in the range 5 to 20 in centers that were already very experienced in split livers, deceased donors, pediatric living donors.
Which centers should be doing living donors is a hard question to answer, because it might be that it is the personnel that are experienced and not the center. In all the A2ALL centers the personnel stayed the same during the day period, so I can't say that it was a center-specific finding or personnel finding, or both. But that finding is definitely there and I believe that there should be the requirement for some experience prior to living donation being set up at a specific center.
DR. RAYMOND POLLAK (PEORIA, ILLINOIS): This is a very important paper. In evaluating the novel technologies, it would be helpful to know if you had a contemporaneous control of matched recipients for age, gender and ethnicity in order to be able to evaluate the utility of this new technology.
DR. KIM M. OLTHOFF (PHILADELPHIA, PENNSYLVANIA): This is a very important question and is actually a significant goal of the A2ALL study. For every living donor recipient that is being followed there is also a matched control patient receiving a deceased donor liver transplant. Early findings demonstrate a benefit from the time of the decision to pursue living donation. That analysis is not yet complete and is currently ongoing. Yes, it is a very important comparison.
DR. CHARLES B. HUDDLESTON (ST. LOUIS, MISSOURI): My compliments on an outstanding series. Dr. Miller alluded to issues of donor safety but there were no comments or questions from him about that and none in your presentation. I think for living donor transplantation in general, regardless of the organ involved, we have to assure that the donors are maintained with a very low morbidity and mortality. Could you comment on that in this very large series?
DR. KIM M. OLTHOFF (PHILADELPHIA, PENNSYLVANIA): This study focused on the early surgical outcomes and graft failures in the recipients alone. The donor outcomes regarding safety is a very important aspect of the A2ALL study. These data have been collected on all the donors for each of these 385 retrospective recipients and will be out in a separate report. More importantly will be the results of the prospective cohort where we are also looking at detailed analyses of donor outcome as far as quality of life and long-term results, which has not been looked at previously in a large multicenter trial. So we hope to have answers for that in the future as well.
DR. NANCY L. ASCHER (SAN FRANCISCO, CALIFORNIA): Along those lines, Dr. Olthoff, I think one of the main concerns of the community has been how we ascertain that the donor actually understands what he or she is going through. Can you just review for the group what the informed consent process is for the A2ALL study? DR. KIM M. OLTHOFF (PHILADELPHIA, PENNSYLVANIA): At the time that the recipient is listed for liver transplantation, the option of living donor is presented to the recipient. It is then up to the recipient and their potential donors to come forward, out of free will, so to speak, to pursue a living donation evaluation and potential surgery.
It is a very complete evaluation, including a computerized question-and-answer program so we know that they are very much aware of what is involved. It also involves a one-on-one meeting with one of the surgeons going over all the potential risks and benefits. We also have a patient advocate to go over potential risks and benefits of the procedure, allowing the potential donor to withdraw at any time.
The evaluation itself involves a complete medical evaluation, as well as detailed imaging, and liver biopsies in some cases. There is a time period where they can consider whether they wish to proceed or not, and have the opportunity to back out if they wish to. Several stages of consent are obtained.
DR. BYERS W. SHAW, JR. (OMAHA, NEBRASKA): I have two quick questions. One of them is whether or not this is open for other centers to enroll their patients or whether it is a closed study; because the more data you get, the better, obviously. And the second is a curiosity about this learning curve issue, which was also present in the paper that preceded yours. Will you be able to get any information out of this study about what people learned between that 15th and 20th case that makes such a huge difference? DR. KIM M. OLTHOFF (PHILADELPHIA, PENNSYLVANIA):
The answer to the first question is, yes, it would be nice, and beneficial, to have more centers involved but I think funding by the NIH probably limits that. To answer the second question, we proposed what our A2ALL learning curve meant and reflected: that in the first ten cases we were all very careful in choosing our recipients. We then may have gotten a little more cavalier with the cases in the 10 to 15 range, thinking all was going well. Then reality hit when we saw that there were some problems with technical situations or perhaps our recipient and donor choices improved. I person-ally think it is probably the choice of the recipient and the donor that has the most impact on outcome, and is reflected in the learning curve. DR. KIM M. OLTHOFF (PHILADELPHIA, PENNSYLVANIA): I think the MELD system has already had an impact in this choice, in that many of the early living donor recipients were those with hepatocellular carcinoma, and when these patients received exception points in the MELD system, many of them did not need the living donor option.
The key with the MELD system and living donation will be in those areas where a high MELD is required to get a deceased donor organ, and it will be the living donor option that will allow us to transplant the more mid-range or the lower MELD system patients, the ones that have a high risk of death while waiting or poor quality of life and little chance of receiving a deceased donor.
